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a b s t r a c t 

Green chemistry is now paramount in modern life and industrial sector. It has become a research prior- 

ity and a scientific challenge. In this study, alpha-tricalcic phosphate was prepared as a green catalytic 

medium. This medium has been characterized by various techniques such as X-ray diffraction (XRD), 

Fourier Transformed Infrared Spectroscopy (FT-IR), Scanning Electron Microscope (SEM) in combination 

with dispersive energy X-ray microanalysis (EDX). Furthermore, we studied the catalytic performance of 

α-Ca 3 (PO 4 ) 2 on knoevenagel condensation and the synthesis of 2.3-dipphennylquinoxaline derivatives. 

These methodologies present several beneficial ones such as mild conditions, increased reaction speed, 

excellent yields, ease of implementation and insulation of products. In addition, this new phosphate- 

based catalytic medium can be recycled several times without losing either their activity or selectivity. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Calcium phosphates are widely used in different areas, like the 

hosphate fertilizer manufacturing industry [1] . In addition, cal- 

ium phosphates have electronic properties, are widely used in the 

esign of fluorescent lamps [2] and laser materials [3] . Similarly, 

hey are also used in chromatography for the separation and pu- 

ification of organic molecules [ 4 –5 ]. 

Therefore, apatitic calcium phosphates having a great activity 

n the biomaterials field. Indeed, thanks to their chemical com- 

osition close to the mineral phase of bone tissues, their biocom- 

atibility and bio-activity properties make them usable in various 

orms: bone substitutes, active-principle release system, ceramics 

nd cements [6–9] . Also, calcium phosphates are widely used in 

rganic synthesis in shaves of their diversity of properties. 

One of their important applications is their uses as catalysts in 

rganic synthesis [10–13] . The Knoevenagel condensation is discov- 

red by Knoevenagel [14] who caused benzaldehyde to react with 

thyl acetoacetate to form ethyl benzylidene acetoacetate [15] . 

This reaction is one of the most common for the formation of 

unctionalized alkynes in the presence of a weak base. The reac- 
∗ Corresponding author. 
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ion is also carried out by various heterogeneous catalysts includ- 

ng natural phosphate and trisodium phosphate (TSP) [16] . 

The synthesis of the activated alkenes is performed under mild 

onditions using natural phosphate alone, doped by potassium flu- 

ride or modified by sodium nitrate in methanol at room temper- 

ture [17] . We represent the different methods of alkenes synthe- 

is (Knoevenagel condensation) by the use of different varieties of 

atalysts [18–22] . The quinoxalins are bicyclic heterocycles com- 

ounds containing a benzene nucleus fused to a pyrazine ring [23–

5] . 

The chemistry of quinoxalins has recently undergone consid- 

rable development, due to the evidence of applications, of sev- 

ral quinoxalins derivatives in various fields, be it in pharmaceu- 

ical chemistry [26–28] , or in agrochemicals [ 29 , 30 ]. The stud-

es have shown that quinoxalins exhibit biological activities such 

s anticancer, antimicrobial, antibiotic, antiviral, anti-inflammatory, 

ntibacterial and antiproliferative [31–35] . Also, they are used as 

yes, luminescent materials, semi-conductors and corrosion in- 

ibitors [36–39] . But before exposing our own synthesis methods, 

t seemed appropriate to cite the different procedures allowing ac- 

ess to quinoxalins and derivatives [40–44] . In this context, the 

eterogeneous catalysis is one of the pillars of clean chemistry. 

herefore, we continued our axis of research using the α-Ca 3 (PO 4 ) 2 
s a heterogeneous catalyst for the synthesis of alkene and 2.3- 

iphenylquinoxalines derivatives. 

https://doi.org/10.1016/j.molstruc.2021.131449
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.131449&domain=pdf
mailto:zakariachimist2014@hotmail.com
https://doi.org/10.1016/j.molstruc.2021.131449
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. Experimental 

.1. Materials and equipment 

All chemicals and solvents used were obtained from Sigma 

ldrich and Merck without any additional purification. The X-ray 

iffraction analysis of our catalytic medium was performed un- 

er ambient pressure and temperature conditions, performed on a 

ANalytical X’Pert 3 Powder diffractometer using the source of the 

u K-radiation (1.54178) source generated at 45 KV and 40 mA. 

he infrared absorption spectrum of our catalyst was recorded on 

 VERTEX 70v DTGS type device. The sample was analyzed as a 

otassium bromide (KBr) pellet. The analysis is carried out at room 

emperature on a spectral domain of 400 cm 

−1 to 4000 cm 

−1 . The 

urface morphology of the used catalyst was determined using a 

ype scanning electron microscopy (TESCAN-VEGA3) equipped with 

 complete EDAX-type microanalysis detector to analyze the chem- 

cal composition of a sample. The progression and follow-up of all 

eactions were monitored by thin-film aluminum chromatography 

overed with silica gel 60 F254 (0.2 mm thick) were carried out on 

erck plates. The revelation was carried out by observation under 

ltraviolet lamp (UV 254 nm). The melting points of the synthe- 

ized compounds were determined using a previously calibrated 

ofler bench. The structural analysis of the synthesized compounds 

as carried out by the Nuclear Magnetic Resonance (NMR) of pro- 

on 

1 H and carbon 

13 C. The NMR 

1 H and 

13 C spectra were recorded 

n a BRUKER DPX 250 spectrometer operating at frequencies of 

00 and 75 MHz, respectively. The chemical movements ( δ) are ex- 

ressed in part per million (ppm) compared to the tetramethylsi- 

ane (TMS) signal used as a reference. 

.2. General protocol of Knoevenagel condensation 

In a beaker of 50 ml added aromatic aldehyde ( 1 ) (1 mmole), 

alononitrile (1 mmole) , ethyl cyanoacetate or methyl cyanoac- 

tate ( 2 ) with 2.56 mg of α-Ca 3 (PO 4 ) 2 as a catalyst in 2 ml

f ethanol. The reaction mixture was stirred at room tempera- 
Fig. 1. Catalyst preparation

2 
ure for a time ( Table 5 ). The reaction was followed by TLC us-

ng n-hexane/EtOAc (5:1) as an eluent. After the reaction is com- 

leted, the resulting crude product is dissolved in CH 2 Cl 2 . The α- 

a 3 (PO 4 ) 2 was then recovered by a simple filtration. The pure 

roducts were obtained after recrystallization in ethanol. 

.3. General procedure of the synthesis of 2.3-diphenylquinoxalines 

erivatives 

1.2-diamine 4 ( 1 mmole ) and benzile 2 ( 1 mmole ) were mixed

n 2 ml of ethanol in the presence of α-Ca 3 (PO 4 ) 2 (2.56 mg) as

 catalyst. The reaction mixture was stirred at room tempera- 

ure for an illustrious time in Table 6 . When the reaction is com- 

leted [TLC control (elected: Ethyl acetate: n-Hexane (1:9)))]. Then, 

ichloromethane was added to the mixture to recover the catalyst 

y simple filtration. After removing the CH 2 Cl 2 by simply evapora- 

ion of the solvent. The obtained crude solid is well recrystallized 

n EtOH. 

.4. Spectroscopic characterization data 

2-(4-chlorophenylmethylene) malononitrile (3a) : Colorless 

olid, mp 160–162 °C; IR (KBr, cm 

−1 ): 2222 (CN), 1585 ( C = C ). 1 H

MR (300 MHz, DMSO–d 6 ) δppm 8.49 (s, 1H, C = CH), 7.92 (d, 2H, 

 = 8.7 Hz), 7.67 (d, 2H, J = 8.7 Hz). 13 C NMR (75 MHz, DMSO–d 6 )

ppm 160.5, 139.5, 132.5, 131.6, 130.1, 114.4, 113.4, 82.7. 

2-(phenylmethylene) malononitrile (3b) : Colorless solid, mp 

0–81 °C; IR (KBr, cm 

−1 ): 2225 (CN), 1560 ( C = C ). 1 H NMR

300 MHz, DMSO–d 6 ) δppm 8.50 (s, 1H, C = CH), 7.59 (d, 2H, 

 = 7.7 Hz, ArH), 7.57–7.70 (m, 3H, ArH). 13 C NMR (75 MHz, DMSO–

 6 ) δppm 155.7, 134.8, 131.7, 131.6, 130.9, 129.9, 114.6, 113.5, 82.0. 

2-(p-tolylmethylene) malononitrile (3c) : White solid, mp 118–

19 °C; IR (KBr, cm 

−1 ): 2222 (CN), 1593 ( C = C ). 1 H NMR (300 MHz,

MSO–d 6 ) δppm 8.39 (s, 1H, C = CH), 7.82 (d, J = 8.5 Hz, 2H), 7.38

d, J = 8.5 Hz, 2H), 2.37 (s, 3H). 13 C NMR (75 MHz, DMSO–d 6 )

ppm 161.6, 146.1, 131.1, 130.5, 129.1, 114.8, 113.8, 80.3, 21.5. 
 steps α-Ca 3 (PO 4 ) 2 . 
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Fig. 2. X-ray diagram of α-Ca 3 (PO 4 ) 2. 

Fig. 3. FT-IR absorption spectrum of α-Ca 3 (PO 4 ) 2 . 

Table 1 

Positions and modes of vibration (FT-IR) of α-Ca 3 (PO 4 ) 2 . 

Wave number (cm 

−1 ) Functional grouping Normal modes Reference 

3500 H 2 O Elongation vibrations. [47] 

1637 Deformation in the plane of the water molecule adsorbed on the particles surface. [47] 

1027–1083 P – O Triple degenerate antisymmetric vibration mode. [45] 

570 P – O Antisymmetric bending triply degenerte. [45] 

453 P – O Symmetric bending doubly degenerte. [45] 

3 
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Fig. 4. SEM of α-Ca 3 (PO 4 ) 2 . 

Fig. 5. Spectroscopy of dispersive energy (EDS) of α-Ca 3 (PO 4 ) 2 . 

Fig. 6. Long durability of α-Ca 3 (PO 4 ) 2 in the formation of products 3a and 6a. 

4 
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Scheme 1. Model topical: condensation of 4-chlorobenzaldehyde 1a and malononitrile 2a. 

Scheme 2. Ideal reaction: condensation of o-phenylenediamine 4a and benzil 5. 

Table 2 

Catalytic test on model tropical. 

Entry Catalyseur 

Time (min) b Yield% a 

3a 6a 3a 6a 

1 No catalyst 60 10 54 47 

2 α-Ca 3 (PO 4 ) 2 30 10 91 95 

a Isolated yields. 
b Determined by TLC. 

Table 3 

Study of the effect of solvent on model reactions. 

Entry Solvent 

Time (min) b Yield(%) a 

3a 6a 3a 6a 

1 EtOH 30 10 91 95 

2 MeOH 30 12 90 92 

3 THF 45 20 86 —- 

4 CH 3 CN 40 15 67 —- 

a Isolated yields. 
b Determined by TLC. 
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Table 4 

Study of the difference of the mass of the catalyst on the formation of products 3a 

and 6a . 

Entry α-Ca 3 (PO 4 ) 2 (mol%)/(mg) Yield(%) of 3a a Yield(%) of 6a a 

1 1/0.32 59 54 

2 2/0.64 60 68 

3 3/0.96 61 73 

4 4/1.28 62 76 

5 5/1.60 74 78 

6 6/1.92 78 80 

7 7/2.24 80 89 

8 8/2.56 94 95 

9 9/2.88 94 95 

10 10/3.20 91 95 

11 20/6.44 86 89 

a Isolated yields. 
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2-(4-nitrophenylmethylene) malononitrile (3d) : Yellow solid, 

p 161–162 °C; IR (KBr, cm 

−1 ): 2225 (CN), 1600( C = C ). 1 H NMR

300 MHz, DMSO–d 6 ) δppm 8.67 (s, 1H, C = CH), 8.29 (d, J = 8.7 Hz,

H), 8.11 (d, J = 8.7 Hz, 2H). 13 C NMR (75 MHz, DMSO–d 6 ) δppm

59.7, 150.1, 137.1, 131.9, 124.8, 114.0, 112.9, 82.4. 

Methyl-3-(4-chlorophenyl) −2-cyanoacrylate (3e) : White solid, 

p 120–121 °C; IR (KBr, cm 

−1 ): 2230 (CN), 1720 ( C = O ). 1 H

MR (300 MHz, DMSO–d 6 ) δppm 8.38 (s, 1H, C = CH), 8.04 (d, 2H,

 = 8.4 Hz, ArH), 7.65 (d, 2H, J = 8.4 Hz, ArH), 3.84 (t, 3H, O 

–CH 3 ).
3 C NMR (75 MHz, DMSO–d 6 ) δppm 162.5, 154.2, 138.5, 132.5, 

30.6, 129.9, 115.8, 103.4, 53.8. 

Methyl-2-cyano-3-phenylacrylate (3f) : White solid, mp 84–

5 °C; IR (KBr, cm 

−1 ): 2235 (CN), 1725( C = O ). 1 H NMR (300 MHz,

MSO–d 6 ) δppm 8.38 (s, 1H, C = CH), 8.01–8.04 (m, 2H, ArH), 

.54–7.65 (m, 3H, ArH), 3.84 (t, 3H, O 

–CH 3 ). 
13 C NMR (75 MHz, 

MSO–d 6 ) δppm 162.8, 155.6, 133.9, 131.7, 131.6, 129.8, 115.0, 

02.8, 53.8. 

Methyl-2-cyano-3-(4-nitrophenyl) acrylate (3 h) : Yellow solid, 

p 172–173 °C; IR (KBr, cm 

−1 ): 2232 (CN), 1722( C = O ). 1 H

MR (300 MHz, DMSO–d 6 ) δppm 8.48 (s, 1H, C = CH), 8.34 (d, 

H, J = 7.1 Hz, ArH), 8.19 (d, 2H, J = 7.1 Hz, ArH), 3.88 (s, 3H,
5 
 

–CH 3 ). 
13 C NMR (75 MHz, DMSO–d 6 ) δppm 162.1, 153.1, 149.8, 

37.6, 132.1, 131.0, 124.4, 115.1, 107.0, 53.9. 

Ethyl-3-(4-chlorophenyl) −2-cyanoacrylate (3i) : Colorless solid, 

p 89–90 °C; IR (KBr, cm 

−1 ): 2230 (CN), 1725( C = O ). 1 H NMR

300 MHz, DMSO–d 6 ) δppm 8.33 (s, 1H, C = CH), 8.00 (d, 2H, 

 = 8.7 Hz, ArH), 7.61 (d, 2H, J = 8.7 Hz, ArH), 4.29 (q, 2H,

 = 7.2 Hz, O 

–CH 2 –CH 3 ), 1.28 (t, 3H, J = 7.2 Hz, O 

–CH 2 –CH 3 ). 
13 C

MR (75 MHz, DMSO–d 6 ) δppm 162.0, 154.0, 138.5, 132.8, 130.5, 

29.8, 115.7, 103.5, 62.9, 14.3. 

Ethyl-2-cyano-3-p-tolylacrylate (3k) : White solid, mp 91–

2 °C; IR (KBr, cm 

−1 ): 2235 (CN), 1730( C = O ). 1 H NMR (300 MHz,

MSO–d 6 ) δppm 8.05 (s, 1H, C = CH), 7.90 (d, J = 7.2 Hz, 2H), 7.79

d, J = 7.5 Hz, 2H), 4.34 (q, J = 7.4 Hz, 2H, O 

–CH 2 –CH 3 ), 2.37

s, 3H, O 

–CH 2 –CH 3 ), 1.31 (t, J = 7.2 Hz, 3H, Ar- CH 3 ). 
13 C NMR

75 MHz, DMSO–d 6 ) δppm 163.0, 155.5, 144.9, 131.4, 130.4, 129.1, 

16.2, 101.2, 63.1, 14.3, 21.3. 

Ethyl-2-cyano-3-(4-nitrophenyl) acrylate (3l) : Yellow solid, mp 

68–169 °C; IR (KBr, cm 

−1 ): 2230 (CN), 1720 ( C = O ). 1 H NMR

300 MHz, DMSO–d 6 ) δppm 8.35 (s, 1H, C = CH), 8.02 (d, 2H, 

 = 8.4 Hz, ArH), 7.62 (d, 2H, J = 8.4 Hz, ArH), 4.29 (q, 2H,

 = 7,2 Hz, O 

–CH 2 –CH 3 ), 1.28 (t, 3H, J = 7.2 Hz, O 

–CH 2 –CH 3 ). 
13 C

MR (75 MHz, DMSO–d 6 ) δppm 162.0, 154.0, 138.4, 132.8, 130.6, 

29.9, 115.8, 103.6, 62.9, 14.4. 

2,3-diphenylquinoxaline (6a) : White solid, mp 126–128 °C; 

R (KBr, cm 

−1 ): 2971, 1712, 1461, 1299, 767. 1 H NMR (DMSO–d 6 , 

00 MHz, δ ppm) δ 8.11–8.14 (m, 2H), 7.83–7.86 (m, 2H), 7.43–7.46 
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Table 5 

Knoevenagel condensation via condensation of the various aromatic aldehyde substituted with the active methylene 

compound catalyzed by α-Ca 3 (PO 4 ) 2 . 

Table 6 

Synthesis of 2,3-diphenylquinoxaline between the condensation of various o-phenylenediamine substituted with benzil in the presence of α-Ca 3 
(PO 4 ) 2 . 

Scheme 3. Recycling of α-Ca 3 (PO 4 ) 2 tricalcium phosphate in the formation of product 3a . 

(

δ

1  

N

(
1

1

1  

(

2

7

1

3

3

b

t

m, 4H), 7.32–7.37 (m, 6H). 13 C NMR (DMSO–d 6 , 75 MHz, δ ppm) 

153.5, 140.9, 139.2, 132.0, 130.9, 130.2, 129.2, 128.5. 

6-methyl-2,3-diphenylquinoxaline (6b) : White solid, mp 122–

24 °C; IR (KBr, cm 

−1 ): 3405, 1623, 1451, 1350, 1063, 759, 697. 1 H

MR (DMSO–d 6 , 300 MHz, δ ppm) δ 7.90–7.99 (m, 2H), 7.66–7.69 

m, 2H), 7.44–7.66 (m, 4H), 7.28–7.44 (m, 5H), 2.47 (s, 3H, CH 3 ). 
3 C NMR (DMSO–d 6 , 75 MHz, δ ppm) δ 153.3, 141.0, 139.3, 133.0, 

30.1, 129.1, 128.8, 127.9, 21.8. 

6-Nitro-2,3-diphenylquinoxaline (6c) : Red solid, mp 140–

42 °C; IR (KBr, cm 

−1 ): 3413, 1768, 1526, 1345, 1064, 755. 1 H NMR

DMSO–d 6 , 300 MHz, δ ppm) δ 8.85–8.86 (m, 2H), 8.48–8.52 (m, 
6 
H), 8.29–8.32 (m, 4H), 7.32–7.49 (m, 5H). 13 C NMR (DMSO–d 6 , 

5 MHz, δ ppm) δ 156.5, 143.4, 139.6, 138.4, 136.0, 131.2, 130.2, 

29.9, 125.3. 

. Results and discussion 

.1. The preparation and characterization of α-Ca 3 (PO 4 ) 2 

The reaction conditions for the preparation of α-Ca 3 (PO 4 ) 2 
y the slightly modified wet chemical method were ini- 

ially optimized. The analytical grade calcium nitrate tetrahy- 
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Scheme 4. Recycling tricalcic phosphate ( α-Ca 3 (PO 4 ) 2 ) in model condensation 6a . 

Table 7 

Comparative study between the catalytic performance of α-Ca 3 (PO 4 ) 2 with other catalysts. 

Entry Catalyst Reaction conditions Yield(%) 

Condensation of knoevenagel 

1 Mesoporous Amino-silica 20 mg, EtOH, r.t, 6 h 64–90 [48] 

2 HAP- γ - Fe 2 O 3 0.025 g, H 2 O, 30 °C, 1h 60–99 [49] 

3 mpg-C 3 N 4 -tBu 50 mg, CH 3 CN, 70 °C, 2h 48–98 [50] 

4 Na-A-PW 9 0.25 mol%, MeOH, r.t, 6h 80–98 [51] 

5 R 2 (1MCl-2NaPO 3 ) (2%) 6 mg, 3 mL EtOH,r.t,3–30min 85–98 [52] 

6 (N 2 H 5 ) 2 SiF 6 0.1 mol% ,2 mL EtOH ,r .t , 30–60min 54–98 [53] 

7 CaHPO 4 , 2H 2 O (DCPD) 10 mg, 3 mL EtOH, r.t, 10 min 84–96 [13] 

8 Na 2 Ca(HPO 4 ) 2 6 mg, 3 mL EtOH, r.t, 10–65 min 82–97 [58] 

9 α-Ca 3 (PO 4 ) 2 2.56 mg/8 mol%, 2 mL EtOH, r.t, 30–60 min 83–96 

2,3-diphenylquinoxalins 

10 Fe 3 O 4 @SiO 2 -imid-PMA n 0,05 g, 5 mL EtOH, r.t, 5–25 min 89–95 [54] 

11 RHA-SO 3 H 15 mg, Free-solvent, r.t, 5–30 min 90–98 [55] 

12 ZrO 2 -Al 2 O 3 0.03 g, 10 mL EtOH, 80 °C, 20 min 90–91 [56] 

13 Co NPs 1 mol%, 5 mL EtOH, r.t, 90 min 88–98 [57] 

14 Ca(H 2 PO 4 ) 2 .H 2 O 3 mg, 2 mL EtOH, r.t, 2 min 97–99 [59] 

15 α-Ca 3 (PO 4 ) 2 2.56 mg/8 mol%, 2 mL EtOH, r.t, 10–15 min 90–98 

d

[

h

w

t

l

d

t  

T

w

f

o

p

T

p

t

β
a

rate [Ca(NO 3 ) 2 ·4H 2 O] and diammonium hydrogen phosphate 

(NH 4 ) 2 HPO 4 ] were dissolved individually in distilled water pre- 

eated at 37 °C. The Ca(NO 3 ) 2 ·4H 2 O solution was added drop- 

ise into (NH 4 ) 2 HPO 4 solution under constant stirring to reach 

he Ca/P molar ratio of 1.50. The temperature of the opaque so- 

ution is maintained at 37 °C. The pH was adjusted by the ad- 

ition of the concentrated ammonium hydroxide (NH 4 OH) solu- 

ion at around 8. The milky solution is stirred for 2 h at 37 °C.

he formed precipitates are then filtered out of the mother liquor, 
7 
ashed repeatedly with distilled water to remove NO 3 
− and NH 4 

+ , 
ollowed by drying in an air atmosphere at 60 °C for 24 h. The 

btained cake after drying was powdered with agate mortar and 

estle, and then calcined into alumina crucible at 800 °C for 2 h. 

he product was determined to be pure β -TCP. Afterwards, the 

repared β –TCP was calcined at 1200 °C followed by quenching 

o room temperature (r.t). The calcination is performed as follows: 

–TCP powders are heated from r.t to 1200 °C for 4 h, soaked 

t 1200 °C for 3 h, followed by quenching, in the furnace, from 
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v

200 °C to r.t for 4 h ( Fig. 1 ). The X-ray diffraction showed the

resence of all characteristic peaks at a single phase of α-Ca 3 
PO 4 ) 2 ( Fig. 2 ). Their intensities indicate that it has been well

rystallized and its crystalline structure is monoclinical with P2 1 /a 

pace group (JCPDS 0 0–0 09–0348) [ 45 , 46 ]. The crystalline param-

ters determined using the ‘High Score plus’ software are a of 

 = 12,859(2) Å, b = 27,354(2) ̊A, c = 15,222(3) ̊A, α= γ = 90 °, β=
26,35 ° The FT-IR analysis of the catalytic support allowed us to 

dentify the absorption bands of the different groups characteris- 

ic of α-Ca 3 (PO 4 ) 2 ( Fig. 3 ). All bands have been listed in Table 1 .

oreover, a less intense band at 725 cm 

−1 is corresponding to 

he P 2 O 7 grouping [12] . Based on the scanning electron microscopy 

SEM) analysis of our catalytic support, the α-Ca 3 (PO 4 ) 2 with dif- 

erent enlargements 5, 10, 20 and 50 μm are shown in Fig. 4 . The

btained micrographs showed clearly that the α-Ca 3 (PO 4 ) 2 surface 

ad a heterogeneous microstructure is mainly composed of irregu- 

ar geometry particles in agglomerated form. Furthermore, the sur- 

ace of these agglomerates is moderately smooth with a low visible 

orosity. To determine the nature of the elements in the studied 

ample, a dispersive energy spectroscopy ( EDS ) analysis was per- 

ormed. From the EDS analysis of our support, showed clearly the 

resence of the characteristic peaks of the elements Ca, P, O and 

 ( Fig. 5 ). This results confirmed that the structure of our support 
Scheme 5. Suggested transformation mechanism for th

8 
s type α-Ca 3 (PO 4 ) 2 . In addition, no trace of impurity was detected 

n the EDS spectrum. 

.2. Catalytic performance of α-Ca 3 (PO 4 ) 2 on Knoevenagel 

ondensation and the synthesis of 2.3-diphenylquinoxaline 

The α-Ca 3 (PO 4 ) 2 is prepared and characterized successfully. 

hen, we studied their catalytic performance in the Knoevenagel 

ondensation and the synthesis of 2,3-diphenylquinoxaline. We 

erformed the condensation of p-chlorobenzaldehyde 1a , and the 

alononitrile 2a in 2 ml of ethanol at room temperature as 

odel reaction ( Scheme 1 ). Similarly, we accomplished the syn- 

hesis of 2,3-diphenylquinoxaline via condensation between the o- 

henylenediamine 4a with the benzile 5a ( Scheme 2 ) in 2 ml of

tOH at room temperature. 

This reaction is considered a model reaction. The results are 

rouped in Table 2 . The results show that in the absence of the 

atalyst product 3a is obtained with a yield of 54% after 60 min 

 Table 2 , Entry 1 ) and product 6a with a yield of 47% for 10 min

 Table 2 , Entry 1 ). On the other hand, both reactions are performed

n the presence of catalyst leads to the desired product 3a with a 

ield of 91% during 30 min of agitation ( Table 2 , Entry 2 ) and pro-

ides the desired product 6a after 10 min of agitation with a very 
e synthesis of alkenes catalyzed by α-Ca 3 (PO 4 ) 2 . 
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t  
ood yield ( Table 2 , Entry 2 ). This showed clearly that our catalyst

xhibits significant catalytic activity in both reactions. To choose 

he most suitable solvent for the preparation of products 3a and 

a . We have carried out model reactions in different solvents. The 

esults are represented in Table 3 . According to Table 2 , the syn-

hesis of products 3a and 6a in protic polar solvents (MeOH and 

tOH) with excellent yields ( Table 3 , Entry 1 ). On the other hand,

he reaction in the apolar solvent (THF) allows the product 3a to be 

btained with a good performance for 45 min ( Table 3 , Entry 2 ).

or the aprotic polar solvent such as acetonitrile, the desired prod- 

ct 3a is obtained with a moderate yield for 40 min ( Table 3 , En-

ry 3 ). Therefore, ethanol is chosen as an adequate ecological sol- 

ent for both moderate point-of-view performance reactions and 

ery short time. To study the effect of α-Ca 3 (PO 4 ) 2 mass on the

erformance of products 3a and 6a . We performed model conden- 

ation by varying the amount of our catalyst from 0.5 to 20 mg 

n the operating conditions described above. The results are re- 

orted in the Table 4 . The obtained results showed that a catalytic 

uantity of 8 mol%/2.56 mg was sufficient to give very good yields 

or the formation of products 3a and 6a ( Table 4 , Entry 8 ). When

ou exceed the optimum mass, the yields remain almost constant 

 Table 4 , Entries 9 and 10 ). But for the mass of 20 mol%/6.44 mg

here is a slight decrease in yield ( Table 4 , Entry 11 ). Therefore,

his decrease in the α-Ca 3 (PO 4 ) 2 mass has a slight influence on 

he yields of products 3a and 6a . This results can be explained by 

he decrease in α-Ca 3 (PO 4 ) 2 in reactions which can influence the 

nteraction between substrates and our catalyst. Finally, we found 

hat the best results are obtained when the formation of products 

a and 6a is carried out in the presence of 8 mol%/2.56 mg of α-
Scheme 6. Proposed transformation mechanism for the synthesis of 2,3

9 
a 3 (PO 4 ) 2 in 2 mL of ethanol at room temperature. The optimal 

eaction conditions were subsequently applied in the generaliza- 

ion of Knoevenagel condensation using substituted aromatic alde- 

ydes and malononitrile, ethyl cyanoacetate and methyl cyanoac- 

tate. The results are listed in Table 5 . Based on the present re- 

ults, we have noticed that the condensation of aromatic aldehy- 

es with malononitrile has resulted in the desired products (3a–d) 

ith good yields (91–96%) in very short times. The same remark is 

ade when malononitrile is replaced with methyl cyanoacetate or 

thyl cyanoacetate (3e–l) . Certainly, the desired products are also 

btained with good yields that are varied between 83 and 94% in 

rocessing times greater than 30 min which is reflected in the fact 

hat methyl cyanoacetate or ethyl cyanoacetate is less reactive than 

alononitrile. According to the present results, it can be inferred 

hat the substitutes nature of the aldehyde level has no influence 

n yields and processing times. After optimizing the conditions of 

he model reaction on the 6a product formation, this process was 

eneralized for the synthesis of series of 2.3-diphenylquinoxalines 

erivatives. Indeed, the reaction was achieved from the condensa- 

ion of various o-phenylenediamine substituted 4 with benzile 2 . 

he results are listed in Table 6 . Based on the results represented 

n Table 6 , we found that optimal conditions remaining still ef- 

ective for the synthesis of 2.3-diphenylquinoxaline drifts. In ad- 

ition, the desired products are obtained with good to excellent 

ields in front the shorter reaction times regardless of the nature 

f the 1.2-diamine substitutions ( Product 6a–c ). The catalyst effi- 

iency depends also on its long durability, i.e. the possibility of be- 

ng reused without any significant loss of catalytic activity even af- 

er several cycles of use. To do this, the reuse of α-Ca 3 (PO 4 ) 2 stud-
-diphenylquinoxaline derivatives in the presence of α-Ca 3 (PO 4 ) 2 . 
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[  
ed was carried out under optimal conditions for product forma- 

ion 3a ( Scheme 3 ) and 6a ( Scheme 4 ). The catalyst removed from

he reaction mixture by simple filtration was thoroughly washed 

ith ethanol and dried at 80 °C. The recycled catalyst can be used 

or subsequent reactions without loss of catalytic activity. The re- 

ults are grouped in Fig. 6 . The results show clearly that the cat-

lyst α-Ca 3 (PO 4 ) 2 could be recycled five times in a run without 

ny significant loss of catalytic activity ( Fig. 6 ). According to our 

nowledge, the reuse of this catalyst is significantly superior to 

ost catalysts reported in the literature. The experimental stud- 

es conducted during this work were accompanied by a compara- 

ive study between the efficacy of α-Ca 3 (PO 4 ) 2 and those of other 

nnounced catalysts dabs the literature regarding knoevenagel con- 

ensation and the synthesis of 2.3-diphenylquinoxaline. The results 

re grouped in Table 7 . From the table results, it can be concluded

hat heterogeneous catalyst α-Ca 3 (PO 4 ) 2 has a very interesting cat- 

lytic activity compared to other catalysts. Moreover, the procedure 

escribed remains remarkable and comparable to other methods in 

erms of mild conditions, very short reaction times, excellent yields 

nd the amount of catalyst used. For a better understanding the 

ole played by the present catalyst in the activation of substrates. 

n alkene formation mechanism in the presence of α-Ca 3 (PO 4 ) 2 
as proposed and illustrated in Scheme 5 . First, aldehyde is ac- 

ive by coordinating the oxygen free doublet with the calcium of 

he catalyst α-Ca 3 (PO 4 ) 2 . Then, the basic sites of PO 4 
3 − activate 

he acid protons of the active methylene compounds in the form 

f a carbanion. The latter with active aldehyde leads to the for- 

ation of the Carbon-Carbone Bond ( I ). Followed intramolecular 

ehydration to finally get the desired products 3a-l . The proposed 

atalytic mechanism for the synthesis of 2.3-diphenylquinoxalins 

erivatives in the presence of α-Ca 3 (PO 4 ) 2 is shown in Scheme 6 .

nitially, the electrophilic sites of catalyst α-Ca 3 (PO 4 ) 2 activated the 

arbonyl functions of Benzil and the two amine functions of or- 

hophenylenediamine. The latter two are activated to facilitate the 

ucleophile attack of diamine grouping of the orthophenylenedi- 

mine on the benzil activated to form the intermediate ( I ). Fi- 

ally, we have two intramolecular nucleophile attacks followed 

y elimination of two molecules of H 2 O to give the desired 

roducts 6a–c . 

. Conclusion 

In the present manuscript, we have prepared a solid struc- 

ure α-Ca 3 (PO 4 ) 2 which subsequently identified by different anal- 

sis technique. In order to study the catalytic performance of 

ur catalytic support in Knoevenagel condensation and the syn- 

hesis of 2.3-diphenylquinoxalines drifts under sustainable condi- 

ions. The obtained results showed that α-Ca 3 (PO 4 ) 2 possessed 

n interesting catalytic activity in a more ecological environ- 

ent ( 2 mL Ethanol) at room temperature. These methodolo- 

ies have several advantages including, very short reaction times 

2.3-diphenylquinoxalines 10–12 min and Knoevenagel condensa- 

ion 30–60 min), excellent yields, (2.3-diphenylquinoxalines 90–

8% and Knoevenagel condensation 83–96%), use of a small quan- 

ity of catalyst, ease recovery and reuse of α-Ca 3 (PO 4 ) 2 that can 

e recycled instantly more than five times without significant loss 

f their catalytic performance. Furthermore, α-Ca 3 (PO 4 ) 2 shows an 

xcellent catalytic activity for the synthesis of organic compounds 

ith biological activity, compared to more expensive and environ- 

entally harmful homogeneous catalysts. 
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